Study objectives: To calculate incremental cost-utility ratios (cost per QALY gained) for varenicline (Champix; Pfizer), as compared to bupropion, in smoking-cessation programmes for a lifetime follow-up period. Design: The Benefits of Smoking Cessation on Outcomes (BENESCO) simulation model was used for a male and female cohort, respectively, as a point of departure but further extended in order to include the indirect effects of smoking-cessation on production and consumption in the economy. Respiratory Medicine (2008) 102, 699-710 of 20 and 50 years (1hEhSEK9.12). Excluding the indirect effects on production and consumption, varenicline was cost-saving in comparison to bupropion. Sensitivity analysis indicated that the results are robust. Variation of treatment efficiency and intervention costs, respectively, had a larger effect on cost per QALY gained than other variables. Conclusions: Estimated costs per QALY gained rated smoking-cessation intervention using varenicline among the most cost-effective life-saving medical treatments.
Introduction
The adverse impact of tobacco smoking on health has been reported in the literature at least since the early 1950s. 1 Nowadays, available epidemiological evidence concerning the relative risks associated with smoking make it possible to estimate the benefits of smoking-cessation in terms of avoided consequences of smoking-related morbidity and mortality, granted that the risks for former smokers approach those of non-smokers over time.
Several studies quantify the costs accruing as a result of smoking. [2] [3] [4] [5] This evidence suggests that smoking-cessation health programmes are potentially beneficial. Whether or not additional resources spent on a smoking-cessation programme are worthwhile depends, however, on the extent to which there will be sufficiently large subsequent reductions in the (net) costs imposed by smoking on the economy (reduced costs for healthcare associated with smoking-related morbidity, reduced productivity losses induced by smoking-related mortality, and increased health-related quality of life).
Available smoking-cessation therapies involve-apart from counselling without any drug-various nicotine replacement therapies and bupropion. With the introduction of varenicline, a non-nicotine-based substance, clinicians now have a new class of pharmaceuticals at their disposal in smoking-cessation therapy. 6 Varenicline was developed especially for the purpose of smoking-cessation; it is a partial agonist at the a4b2 nicotinic acetylcholine receptor in the brain, and as such it both relieves symptoms of nicotine withdrawal and cigarette craving, and reduces the rewarding properties of nicotine. 7, 8 In the summer of 2006, JAMA published two randomised studies of varenicline's clinical efficacy, compared to bupropion as an aid in smoking-cessation therapy. 7, 8 Those who utilised varenicline were more likely to remain non-smokers over a 12-month period than those who used bupropion. Moreover, in a parallel study it was found that a longer treatment period with varenicline significantly increased the success rate of smoking-cessation therapy. 9 Buproprion has previously been found to be a cost-effective alternative to nicotine replacement therapies, and in a recent study varenicline was compared to bupropion in a Dutch setting. 10, 11 The Benefits of Smoking Cessation on Outcomes Model (BENESCO) is a recently developed discrete and deterministic simulation model that predicts smoking-related morbidity and mortality and the corresponding healthcare costs. 11 The structure and functioning of the model rests on the same principles as those behind the Health Economic Consequences of Smoking (HECOS) simulation model, which was prepared for and reviewed by the World Health Organisation European Partnership Project to Reduce Tobacco Dependence. 12 In this paper, we report on the cost-utility of using varenicline (Champix; Pfizer) compared to bupropion in smoking-cessation programmes in Sweden. Even though the net benefits of smoking-cessation in Sweden might differ from the benefits in other countries, our detailed account of input data will certainly facilitate comparisons with other settings. It should be possible to conclude whether the cost-utility ratios would be higher or lower in a country with which the reader is more familiar. Another objective of the paper was to show the general usefulness of the simulation model as such.
The BENESCO model was utilised, taking the year 2003 as our point of departure, in order to simulate the consequences of smoking-cessation therapy in Sweden. We expanded the model to include indirect costs.
Method and material

Simulation model
Even though the BENESCO model and the HECOS model are founded on the same principles, there is one important difference: while the HECOS model applies published relative risks of dying from smoking in order to calculate smoking-attributable morbidity and mortality, the BENESCO model-using the same published risks-simulates total morbidity and mortality associated with the same diseases. The BENESCO model estimates the relative effects on morbidity and mortality of smoking-cessation, utilising a particular therapy, as the difference between morbidity and mortality when that therapy is being used and morbidity and mortality when a competing therapy is being used.
The BENESCO model simulated the lifetime development of morbidity and mortality for a Swedish population of smokers, aged 18-100. The simulations assumed that 25% of the smokers in each age group, and for men and women, respectively, make one attempt to quit smoking at the outset of the simulation; this amounts to 168,844 men and 208,737 women. In order to simplify calculations without substantially affecting results, it was assumed that no one smoked below the age of 18 and that so few would live after a 100 years of age that, for our purpose, they could be neglected completely. The simulation took smoking habits and the prevailing age-, morbidity-, and mortality structure in the total 18-100 years-old Swedish population (3,593,732 men and 3,728,987 women) in the year 2003 as the point of departure. Absolute risks of developing and/or dying from each of the considered diseases were calculated for smokers
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and former smokers, respectively. These calculated risks entered into the simulation of post-smoking-cessationintervention morbidity and mortality, assuming no smoking-related morbidity or mortality in the population below the age of 35.
The model distinguished between men and women in three age groups: (a) 18-34; (b) 35-64; and (c) 65 and older as well as between three health states: (A) no morbidity, (B) morbidity, and (C) dead. With respect to morbidity/ mortality risk, the model also distinguished between (1) current smoker; (2) recent quitter-stopped smoking between 1 and 5 years ago; and (3) long-term quitterabstinent for at least 6 years. As regards the risk of relapse, the model distinguished between (1) those attempting to Disease-and agespecific incidence-, prevalence-, and mortality rates
Estimates were based on individual data on inpatient care and causes of death from the administrative registers of the Swedish National Board of Health and Welfare. 18, 19 First, the incidence rate was estimated as the number of individuals, who received inpatient care due to respective diagnosis in 2003. Second, the prevalence of each disease was estimated as the number of living individuals in 2003, which had ever received inpatient care due to respective diagnosis (the number of individuals in the inpatient care register, for respective diagnosis, was counted from the year 1987 and onwards; each individual was controlled for against the register of causes of death). Third, regarding the CHD and stroke diagnoses, respectively, the simulation model distinguished between first and subsequent events and, hence, first-incidence events were reported separately from the total number of events (total incidence). Finally, the number of first-event deaths was estimated from the total mortality estimates subtracting those that in previous years had been admitted to hospital due to CHD and stroke, respectively
Mortality rates in the general population
Estimates were based on life tables provided by Statistics Sweden 20 Estimated average annual healthcare cost by disease
The only (Swedish) morbidity-related health-care cost-data that (1) include both inpatient-and outpatient care and (2) are gathered systematically, are the data collected in the county of Skåne. The county of Skåne has approximately 1.2 million inhabitants (13% of the total Swedish population) and is demographically similar to the total Swedish population. Moreover, the governmental investigation concerning the compensation system between counties used the Skåne data as a benchmark. 21 More specifically, the inpatient-care cost-data from the county of Skåne was compared to corresponding data from the county of Stockholm and inpatient-care register data from Swedish National Board of Health and Welfare, and no significant differences were revealed. Thus, our estimates were based on individual diagnosis-related data on all inpatient stays and outpatient visits occurring in the county of Skåne. 22 The healthcare consumption of all individuals diagnosed with COPD, CHD, stroke or lung cancer was followed during a period of 3 years. The average cost during the first year following diagnosis was used as an estimate of the first-year healthcare cost; the average cost during the second and third years as an estimate of the healthcare costs during subsequent years. The costs for prescribed pharmaceuticals were estimated, using diagnosis-related information from a representative sample of 6.25% of all physicians in Sweden. 23 Data on prescribed pharmaceuticals associated with stroke and lung cancer, respectively, were not available, though. Further, data were not available for later years than 2002. The cost of first-and subsequent years of stroke patient rehabilitation was added, using estimates presented by Ghatnekar et al. 24 Our estimates do not include institutional or informal care, though, due to lack of data QALY weights Equal utility weights were used for quitters and smokers with no morbidity, i.e., the simulation model does not incorporate any quality-of-life influence of smoking cessation per se. 25 Morbidity-specific utility weights are provided as default alternatives in the BENESCO simulation model: for COPD, the utility weights supplied by Spencer et al. for severe, moderate and mild COPD were used together with the information on COPD severity as provided by Mannino et al., and Spencer et al., in order to calculate a single utility weight for COPD. 26, 27 For lung cancer, the simulation model allows for the utility weight applied to the first year after diagnosis to differ from the utility weight applied to subsequent years. The utility weights were provided by Trippoli et al. 28 Utility weights associated with myocardial infarction and angina pectoris were reported by Hay 29 A utility score for CHD was obtained by calculating a weighted average of the utility associated with MI and angina pectoris. The weightings were based on the prevalence of MI and angina pectoris in those with CHD. 30 For stroke, the utility weights supplied by Tengs and Lin for severe, moderate and minor stroke were used together with information on stroke severity provided by Duncan et al 31, 32 quit (the first year); (2) recent quitters-stopped smoking between 1 and 5 years ago; (3) medium-term quittersstopped smoking in between 6 and 10 years ago; and (4) long-term quitters-stopped smoking more than 10 years ago. Four diseases were considered: (1) COPD (chronic obstructive pulmonary disease), (2) CHD (coronary heart disease), (3) stroke, and (4) lung cancer. Together they cover most of the health problems associated with smoking, according to present epidemiological knowledge, even though there are other smoking-related diseases, too. 11, 12 For example, recently established associations between smoking and gastric cancer (about doubled risk) and rheumatoid arthritis, both with very expensive treatments, 
Intervention cost
Estimates followed general recommendations on drug dosage, and Swedish clinical practice on motivational support in smoking-cessation. However, as for motivational support or the appropriate combination of drugs and motivational support, no formal guidelines were available. 33 Clinical practice in Sweden varies, since smoking-cessation interventions may be provided both in primaryand in specialised healthcare, implying great variety both in personnel characteristics and in the mix of healthcare contacts and drugs. There are, however, two critical differences between varenicline and bupropion, which are important for determining the cost of intervention. First, the prescription of bupropion is conditioned on mandatory motivational support, which is not the case for varenicline. This may make prescribers relatively more inclined of providing motivational support in the bupropion case. 34 Second, the medical investigation preceding prescription is less complex in the varenicline case compared to the bupropion case, since varenicline has fewer contraindications and interactions. 35 Thus, smoking-cessation therapy using varenicline is likely to be less healthcare intensive than the bupropion alternative, and in our baseline case, smoking-cessation interventions using bupropion comprised two additional motivational support visits to a nurse as compared to a smoking-cessation programme using varenicline. Men and women were treated identically with respect to the cost of the smoking-cessation intervention
Smoking prevalence
Estimates were based on ULF data (Undersökningar av Levnadsförhållanden) for the years 1996/ 1997. 36 This is consistent with how the relative risks of morbidity, which is the core piece of information behind the simulations performed with the BENESCO model, were estimated-with a follow-up period of 6 years (Thun et al. 15 )
Treatment effectiveness
The estimate of treatment effectiveness was based on two identically designed, head-to-head trials-Gonzales et al. 7 and Jorenby et al.
8
-of the efficacy of varenicline as compared to bupropion in smoking-cessation therapy. The studies employed identical inclusion and exclusion criteria, and included participants with close to identical characteristics. Further, the studies report 12-month (9-52 weeks) continuous quit rates. The efficacy used in the simulations is calculated from the pooled clinical trial data 8, 37 Morbidity and mortality rates of former smokers Recent quitters-those who stopped smoking less than a year ago-were assumed to face the same risks of morbidity and mortality as current smokers. Medium-term quitters-those who stopped smoking between 1 and 5 years ago-were assumed to enjoy a relative risk of smoking-related morbidity and mortality consistent with those reported for former smokers. 15 Long-term quitters-those who had been abstinent for at least 6 years-were assumed to face the same relative risks as never-smokers (strictly speaking, the difference between relative risks faced by long-term quitters and never smokers get smaller over a longer period of time, but are negligible after 6 years)
Relapse rates For recent quitters, we assumed that the individual would face the particular risk of relapse associated with the smoking-cessation therapy selected during the first year of being abstinent. For medium-term quitters, we assumed that the individual would face a 6% annual risk of relapsing into smoking. 38 For long-term quitters, we made separate assumptions for those who had been abstinent 6-10 years and for those who had been abstinent for more than 10 years. For the first group we assumed a 2% annual risk of relapsing, for the latter a 1% annual risk 39 Average net value of the indirect effects A module on the indirect effects on production and consumption was added, using estimates provided by Ekman (2002) . 40, 41 The age groups in Ekman's study did not match those used in the BENESCO simulation model perfectly, but we calculated the value for the age group 35-65 by weighting the values reported for the age groups 35-49 and 50-64 by their respective share of the population in the same age groups. The difference between the values of production and consumption for those older than 65 years of age was estimated analogously Discounting A 3% rate was used for both costs and effects in the baseline analysis
Each input component utilised in the simulations performed by the BENESCO model is described regarding source and content. Data sources: National Board of Health and Welfare (prevalence, incidence, and mortality); Region Skåne (treatment costs).
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were not considered. 13, 14 As regards CHD and stroke, the modelling was more elaborated than what are the cases for COPD and lung cancer, respectively. CHD and stroke are both characterised by acute and recurring events at which cases treatment is relatively costly, while COPD and lung cancer are progressive (and chronic) events. Moreover, the mortality risk associated with both CHD and stroke, conditional on that the individual already suffered an event, differs from that for smokers in general. These qualifications were incorporated in the BENESCO simulation model.
More formally, the BENESCO simulation could be thought of as employing discrete difference equations, when the distribution of the population over the states of the model in each year is calculated. The transitions from one state to another are represented by rates of change. The proportions, which transit from one state to another, are calculated, given population-specific smoking habits and morbidity-and mortality rates. Smoking habits are given by quit rates (efficacy) of the intervention; morbidity and mortality are calculated using relative risks of dying from each particular disease. Each year, 1/16th of the smokers in the 18-34 age group moves to the 35-64 age group and, hence, acquires the same morbidity-and mortality risks as those in the 35-64 age group. Similarly, at the end of each year, 1/29th of the smokers in the 35-64 age group advances to the 65+ age group. The number of smokers in each state at time t+1, N tþ1 i (i ¼ 1, y, 7), can be expressed by the following discrete difference equation:
where N tþ1 j!i is the number of individuals who move to state i and N tþ1 j i is the number of individuals who leave state i.
15-17
The model performs simultaneous but separate calculations for the intervention strategy and a chosen comparator strategy. The proportions of smokers who move between different smoking-states were calculated, using (1) estimates of the effectiveness of the different treatment strategies, (2) estimates of the morbidity rates associated with being a smoker, a recent quitter, a mediumterm quitter, or a long-term quitter, respectively, and (3) information regarding mortality rates.
Data
The simulation model was provided with the following input data for men, women, and age groups: (1) prevalence-, incidence-, and mortality rates of each of the diseases considered; (2) mortality rates in the total population; (3) average annual direct healthcare costs by disease (COPD: h3199; lung cancer: h11,397 (first year); CHD: h5278 (first year); stroke: h8643 (first year)); (4) QALY weights; (5) intervention costs (varenicline alternative: h452; bupropion alternative: h419); (6) smoking prevalence; (7) treatment effectiveness (varenicline alternative: 22.5%; bupropion alternative: 15.7%); (8) morbidity and mortality rates of former smokers; (9) relapse rates; and (10) average net value of the indirect effects (consumption-production). A detailed description of the content of the input data can be found in Table 1 and following Tables 2-4 , which specify the input data. 7, 8, 15, 
Sensitivity analyses
No data are perfect; hence, all estimates are subject to some uncertainties. In order to assess the extent to which our results were sensitive to the various assumptions made and since traditional statistical confidence intervals were not possible to calculate due to lack of data, we reestimated the incremental cost-utility ratio (ICUR) for various values of the input variables.
Both univariate and bivariate, non-stochastic as well as stochastic, sensitivity analyses were performed. While nonstochastic sensitivity analyses are useful for examining the range of a specific variable for which the ICUR falls below a specified threshold value, they contain no information as to the probability of achieving a cost-utility ratio which falls below that threshold value. The BENESCO simulation model incorporates a facility, which makes it possible to perform Monte Carlo simulations of the ICUR, using available information concerning the distribution and its characteristics for the parameters entering the calculation of the ICUR. In effect, these simulations produce an estimate of the likelihood distribution of the ICUR. Our stochastic sensitivity analysis included Monte Carlo simulations regarding three variables: (1) effectiveness of the smoking-cessation therapies under consideration, (2) morbidity-related healthcare costs, and (3) utility weights.
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Results
Baseline case Table 5 shows the baseline-case results of the 20-and 50-year-period simulations for the male and female populations, respectively. Results are reported separately for:
(1) total incremental intervention cost (the additional cost imposed by using varenicline instead of bupropion), (2) total healthcare cost averted (the cost saved in the healthcare sector from using varenicline instead of bupropiona negative sign indicates that this amount was subtracted from the total incremental cost), (3) total indirect cost averted (indirect cost is the difference between gains in production-and consumption values induced by life years saved, as a result of using varenicline instead of bupropiona positive sign indicates that this amount was added to the total incremental cost), (4) total QALYs gained (the number of life years saved adjusted for the loss of health-related quality of life implied by the disease), and (5) the incremental cost per QALY gained, i.e., the sum of (1)- (3) divided by (4) . Results are reported separately for men and women. All costs are in 2003 Swedish prices (SEK). The estimated cost per QALY gained ranged from h1193 (women, and a 20-year period) to h14,743 (men, and a 50-year period), indirect effects included. Excluding the indirect effects, i.e. focusing on healthcare costs only, would make varenicline a dominating, cost-saving, option. Detailed sensitivity results are presented in Tables 6-9 . Stochastic sensitivity analyses were also performed, for a 50-year follow-up period. The results are presented in Figures 1 and 2 .
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Discussion
Varenicline is a new smoking-cessation drug that distinguishes itself from its predecessors: it works as a partial agonist at the a4b2 nicotinic acetylcholine receptor by both relieving nicotine withdrawal symptoms and reducing the rewarding properties of nicotine. In this study, we performed a simulation-model cost-utility analysis of a Swedish cohort of male and female smokers. Swedish data were used concerning (1) diagnosis-specific morbidity and mortality, Figure 1 Illustrates the probability of observing a specific ICUR between 0 and h20,000 for a 50-year follow-up period, when some of the parameters in the simulation model are regarded as produced by a stochastic process. It was assumed (a) that the effectiveness of the smoking-cessation therapies under consideration are normally distributed [16] [17] [18] ; (b) that the morbidity-related health-care costs are log-normally distributed; and (c) that utility weights are beta-distributed. Figure 2 Illustrates the probability of observing a specific ICUR between 0 and h20,000 for a 50-year follow-up period, when some of the parameters in the simulation model are regarded as produced by a stochastic process. It was assumed (a) that the effectiveness of the smoking-cessation therapies under consideration are normally distributed [16] [17] [18] ; (b) that the morbidity-related health-care costs are log-normally distributed; and (c) that utility weights are beta-distributed. (2) smoking prevalence, (3) morbidity-related health-care costs, (4) impact on future consumption and production of avoided mortality, and (5) smoking-cessation intervention costs. The ICURs calculated range from about h1000 to 2000 (in a 20-year perspective), which is significantly below corresponding figures reported for treatments of relevant chronic diseases and regarding willingness to pay for an additional QALY.
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Incremental cost-utility ratios were calculated and presented both including and excluding future effects on consumption and production. The reason for this is that there seems to be no consensus yet among decision-makers or among economists on the correct way of doing it. Thus, economic-evaluation guidelines used in the process of pricing and reimbursement of pharmaceuticals differ among countries. 42 Guidelines in Sweden include future effects on consumption and production, while, for instance, guidelines for the UK do not. 42, 43 Among the economists, Meltzer, 40 and Lundin and Ramsberg, 44 for instance, argue for the inclusion, while Nyman, 45 for instance, argues against it. In this study, we obtained the result that the varenicline intervention is cost-saving compared to the bupropion intervention, taking only healthcare costs into account, and has a positive cost-effectiveness ratio when also net costs of increased survival are included. This partly differs from the results obtained in previous economic evaluations of smoking-cessation therapies. 10 First, previous costeffectiveness and cost-utility studies have obtained both negative and positive ratios when only healthcare costs are considered. Thus, Bolin et al. 10 reported negative cost-utility ratios regarding the comparison between bupropion and nicotine gum but positive cost-utility ratios for bupropion vs. nicotine patches, when only healthcare costs were taken into account. 10 The fundamental mechanism here is that the initial intervention cost is recovered through saved morbidity-related healthcare costs-the higher the relative efficacy of the interventions, the shorter time period is needed in order to obtain a cost-saving scenario. Second, there are relatively few cost-effectiveness studies of smoking-cessation therapies, which include also the effects on increased survival. In a recent study performed for Sweden, however, Bolin et al. 10 found negative costs of survival, i.e., that the smoking-cessation therapy has a relatively large effect for those in productive ages. 10 This stands in contrast to the results obtained here. The discrepancy can be explained (1) by the relatively large difference in efficacy rates in this study-since the relative risk reduction of smoking-cessation is larger for the older age group (Thun et al.) a larger difference in efficacy rates means that relatively more people in the non-productive ages will survive, i.e., the cost of increased survival increases with the difference in efficacy rates 15 ; and (2) by different age groups used in the two studies-the simulation model used by Bolin et al. were constructed for the age groups 35-69 and 70+, using the higher relative risk reduction for the 70+ age group on a relatively smaller cohort than what we have used in this study. 10 Further, the available measures of net values of production and consumption did not allow for a corresponding division into age groups, and, hence, the differences between the values used here and the values used in Bolin et al. are small. 10 Thus, the difference between studied cohorts translates, more or less unchanged, into differences in costs for increased survival.
The simulations performed imply that about 9200 life years per 100,000 smokers (which corresponds to almost 500 life years per 100,000 in the general population) are saved when using varenicline instead of bupropion in smokingcessation therapy. The simulation model simulates the population and shares of that population that move into different states of illness: if a certain percentage of the population stop smoking there will be (expected) illnesses avoided today and in the future. The extent to which this should be regarded as merely a postponement of illness, or whether it is truly a matter of avoidance, is determined by the age-profile of relative morbidity risks of smokers compared to non-smokers. If, for instance, the relative risk for smokers compared to non-smokers, of getting a certain illness, decreases with age, the decrease in the incidence rate at the time close to the smoke stop is a postponement of illness. If, on the other hand, the relative risk stays at roughly the same level over the lifecycle, smoking-cessation results in avoidance of illness. For lung cancer and COPD, the relative risks are not declining with age, and are quite large, suggesting that to a certain extent these illnesses are avoided by not smoking. For CHD and stroke, on the other hand, the relative risks are twice as high for the age group 35-64 as for those older than 64 years of age, for whom the relative risk for smokers are close to one. This suggests that smoking-cessation postpones these illnesses.
Future indirect effects induced by the increased survival are valued using the values of production and consumption reported by Ekman. 41 Conveniently, the figures reported by Ekman include the average value of health-care consumption for different age groups and, hence, our calculations of indirect effect include also future increases in health-care costs resulting from increased survival. However, to some extent changes in the value of consumption were doublecounted: the health-care consumption included in the values above is the average value taken over all types of health-care consumption, while the health-care consumption included in the direct cost-component comprises disease-specific consumption. In addition, our method overestimated the true indirect effects for the age group 35-65, since some of the individuals who died would not have been active in the labour market anyway, due to their illness. To some extent this is offset, since these individuals would have evoked larger than average direct health-care costs, had they not died. Likewise, our method underestimated the true indirect effect of mortality for those older than 65 years of age, since their consumption of healthcare, had they survived, would have been higher than average.
It should be noticed, though, that our calculations did not take into account the effects on production and consumption that will occur if individual health behaviour changes as a result of a smoke stop. If, in general, more healthy lifestyles result among previous smokers, a further increase in life years saved will result. The effect of this on the cost-utility ratio depends on the age structure of the change-if the change in health behaviour is confined to the younger smokers the cost-utility ratio will decrease. Also, healthier lifestyles entail less healthcare consumption, which would lower the cost-utility ratio.
Role of funding sources
